The effects of charge and size on the interaction of unilamellar liposomes with macrophages.
The effect of the positive surface charge of unilamellar liposomes on the kinetics of their interaction with rat peritoneal macrophages was investigated using three sizes of liposomes: small unilamellar vesicles (approx. 25 nm diameter), prepared by sonication, and large unilamellar vesicles (100 nm and 160 nm diameter), prepared by the Lipoprep dialysis method. Charge was varied by changing the proportion of stearylamine added to the liposomal lipids (egg phosphatidylcholine and cholesterol, molar ratio 10:2.5). Increasing the stearylamine content of large unilamellar vesicles over a range of 0-25 mol% enhanced the initial rate of vesicle-cell interaction from 0.1 to 1.4 microgram lipid/min per 10(6) cells, and the maximal association from 5 to 110 micrograms lipid/10(6) cells. Cell viability was greater than 90% for cells incubated with large liposomes containing up to 15 mol% stearylamine but decreased to less than 50% at stearylamine proportions greater than 20 mol%. Similar results were obtained with small unilamellar vesicles except that the initial rate of interaction and the maximal association were less sensitive to stearylamine content. The initial rate of interaction, with increasing stearylamine up to 25 mol%, ranged from 0.5 to 0.7 microgram lipid/min per 10(6) cells, and the maximal association ranged from 20 to 70 micrograms lipid/10(6) cells. A comparison of the number and entrapped aqueous volume of small and large vesicles containing 15 mol% stearylamine revealed that although the number of large vesicles associated was 100-fold less than the number of small vesicles, the total entrapped aqueous volume introduced into the cells by large vesicles was 10-fold greater. When cytochalasin B, a known inhibitor of phagocytosis, was present in the medium, the cellular association of C8-LUV was reduced approx. 25% but association of SUV increased approx. 10-30%. Modification of small unilamellar vesicles with an amino mannosyl derivative of cholesterol did not increase their cellular interaction over that of the corresponding stearylamine liposomes, indicating that cell binding induced by this glycolipid may be due to the positive charge of the amine group on the sugar moiety. The results demonstrate that the degree of liposome-cell interaction with macrophages can be improved by increasing the degree of positive surface charge using stearylamine. Additionally, the delivery of aqueous drugs to cells can be further improved using large unilamellar vesicles because of their greater internal volume. This sensitivity of macrophages to vesicle charge and size can be used either to increase or reduce liposome uptake significantly by this cell type